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Introduction
This paper presents Nokia’s view on RRM aspects related to further enhancements of measurement gaps for Rel-18 [1]. In particular, it presents our view on open issues for Case 2 requirements as discussed at RAN4 #106 [2], i.e. the combination of NCSG and concurrent MG and lists corresponding proposals.
Discussion
Agreements in [2]
	Sub-topic 4-1: Scope and combinations
Issue 4-1-3: [Case 2] Detail combinations for UE supporting per-FR gap
< Agreement >: 
· Gap combination configuration of case 2 can use gap combination of concurrent gaps defined in TS38.133 table 9.1.8-1 as formatting baseline with the clarification that each configured gap can be NCSG or Type-2 MG.
· FFS details and notes.
 Sub-topic 4-2: Collision handling
Issue 4-2-1: [Case 2] Whether to consider equal priority
< Agreement >:  
· No requirements are defined for equal priority in NCSG Pre-MG with concurrent gaps.
Issue 4-2-2: [Case 2] If equal priority is considered then whether to consider gap sharing rule for equal priority
< Agreement >:  
· Based on the outcome of issue 4-2-1, no further discussion is needed.
Sub-topic 4-4: Requirements
Issue 4-4-1: [Case 2] Gap interruption
< Agreement >: 
· Update the existing gap interruption requirements for Case 2 as follows.
· A slot is considered as interrupted if it is interrupted by an occasion of any of the configured concurrent measurement gaps following the measurement gap interruption requirements in clause 9.1.2, or by VIL occasion of any of the configured NCSG following the NCSG interruption requirements in clause 9.1.9.1, except for a dropped measurement gap or NCSG occasion. 



Open issues in [2]
At last RAN4 #106, discussion on Case 2 requirements was continued. Following open issues are contained in [2]. 
Scope and Combinations
Two issues were left open related to scope and combinations and one issue requires further clarification.
	Sub-topic 4-1: Scope and combinations
Issue 4-1-1: [Case 2] Whether to consider a new capability for NCSG + NCSG in an FR
< Wayforward >: 
· FFS the options:
· Option 1: 
· No, without UE capability
· Option 1a: E///
·  Condition: No, if only one spare RF chain is assumed for NCSG+NCSG.
· Option 1b: LGE
·  New UE capability for overlapping handling can be necessary if two spare RF chains are assumed for NCSG+NCSG.
· Option 2: 
· Yes, with UE capability 
· Option 2a: E///
·  Condition: Yes, if two spare RF chains are assumed for NCSG+NCSG.
Issue 4-1-2: [Case 2] Whether the same RF chain is assumed for the two NCSG patterns
< Wayforward >: 
· FFS the options:
· Option 1: 
· Yes, the same RF chain is assumed for the two NCSG patterns.
· Option 2: 
· No need to discuss whether the same RF chain is assumed for the two NCSG patterns (not necessary).
· Option 2a: 
· No need to discuss whether the same RF chain is assumed but to consider the assumption on parallel measurement.
· Option 3: 
· At least two spare RF chains are assumed.
· Option 4: 
· UE signals its capability on number of receiver chains per band to the network.



Regarding issue 4-1-1, i.e. whether to consider a new capability for NCSG + NCSG in an FR, the discussion at RAN4 #106 was not conclusive, however most companies thought that there is no separate UE capability needed in case of single spare RF chain, as this is the baseline assumption for NCSG operation. Hence, the network is aware of the single spare RF chain even if it configures two NCSG patterns simultaneously. In case the UE has two spare RF chains, companies thought that a separate UE capability is needed to make the network aware of the different UE behavior in case of NCSG overlapping. In our view, this is reasonable and hence UE should indicate if it has more than 1 spare RF chain. 
UE to indicate to network if it has more than 1 spare RF chain related to Case 2 requirements, i.e. if the combination of NCSG and Rel-17 concurrent gap is configured. The signalling details are FFS.
Regarding issue 4-1-2, i.e. whether the same RF chain is assumed for the two NCSG patterns, this issue is related to previous one. In our view, the UE should signal its capability of having multiple RF chains for monitoring available, e.g. by signalling its number of RF chains per band as a UE capability or its number of spare RF chains per band in an RRC information message to the network. The network then can derive based on the number of assigned serving carriers per band, the number of spare RF chains per band available for NCSG operation. It can also be signalled as part of the CA/DC information, i.e. whether all CA/DC chains can be used as spare RF chains. This information can be used to determine the number of NCSG patterns which can be simultaneously operated by UE, even in case of partial or full overlapping.
Parallel measurement support for NCSG+NCSG in an FR is indicated by UE, thereby signalling its capability on number of RF chains or spare RF chains per band to the network.
[bookmark: _Hlk131159051][bookmark: _Hlk131268311]Regarding issue 4-1-3, it was agreed that gap combination configuration of case 2 can use gap combination of concurrent gaps defined in TS 38.133 table 9.1.8-1 as formatting baseline with the clarification that each configured gap can be NCSG or Type-2 MG. As the term “Type-2 MG” is not defined in TS 38.133, we propose to use the term “concurrent MG as defined in Rel-17”. Moreover, it is proposed to capture the status of the discussion on use of per-FR measurement gaps for positioning in an Editor’s note. We provide a proposal for Case 2: 
Table 9.1.8-1: The number of Gap Combination Configurations by UE supporting both concurrent measurement gap patterns and independent measurement gap patterns 
	Gap Combination
Configuration Id 
	The number of simultaneous configured measurement gap patterns

	
	Per-FR1 measurement gap
	Per-FR2 measurement gap
	Per-UE measurement gap

	0
	2
	1
	0

	1
	1
	2
	0

	2
	0
	0
	2

	3Note 1
	1
	0
	1

	4Note 1
	0
	1
	1

	5Note 1
	1
	1
	1

	6
	2
	0
	0

	7
	0
	2
	0

	Note 1:	Gap Combination Configuration Id #3, #4, #5 will be only applied when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4]. 
Note X: 	If the gap combination of NCSG and concurrent MG as defined in Rel-17 is configured, each configured gap may be a NCSG or a concurrent MG as defined in Rel-17.



Editor’s Note: FFS if per-FR measurement gap can be used for to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4].
Modify Table 9.1.8.1 to accommodate gap combination configurations for Case 2 and add Editor’s note, as depicted above.

Collision handling
Several issues were left open related to collision handling.
	Sub-topic 4-2: Collision handling
Issue 4-2-3: [Case 2] Whether to consider parallel measurements upon gap collision
< Wayforward>: 
· FFS the options: 
· Option 1: 
· Yes
· Option 2: 
· No
· Option 2a: 
· No, when the RF chains for the two NCSG patterns are different.
· Option 3: 
· Up to UE capability,
· For UE supporting this capability, both NCSGs can work when colliding.
· For the UE not supporting this capability, R17 priority rules when colliding can be reused.
· Option 4: 
· RAN4 to study a general solution to allow both NW and UE to know the parallel measurements combination when UE supports NCSG parallel measurement capability.
· Option 5: 
· RAN4 to agree on investigating relevant scenarios with gap collision for the Case 2 scenario.
Issue 4-2-4: [Case 2] Potential changes to UE behaviour upon gap collision
< Wayforward >: 
· RAN4 to postpone the gap collision rule changes’ discussion until RAN4 has a consensus on parallel measurement scenarios.
· Yes.





	Issue 4-2-5: [Case 2] Whether to support parallel measurements in the following scenarios for two NCSG
< Wayforward >: 
· FFS the following options
Scenario 1: NW only configures deactivated SCells’ measurement
· Option 1: 
· No.
· Option 2: 
· Yes.
Scenario 2: NW only configures the MOs in intra-bands in which UE reports to support ‘NCSG’
· Option 1: 
· No.
· Option 2: 
· Yes.
Scenario 3: NW configures MOs in intra-band associated with NCSG1 and MOs in inter-band associated with NCSG2 if UE reports ‘NCSG’ for these bands
· Option 1: 
· No.
· Option 2: 
· Yes.



Regarding issue 4-2-3, whether to consider parallel measurements upon gap collision, option 3 is supported. If the UE indicates parallel NCSG measurement support, then there is no collision case and both NCSG occasions, even if partially or fully overlapping, can be used. If the UE does not support parallel NCSG measurements, then Rel-17 collision rules apply, which means that in case of overlapping of NCSG’s the gap with configured lower priority level, i.e. NCSG with configured lower priority level, is dropped.
Parallel NCSG measurement support is up to UE capability. For UE supporting this capability, both NCSGs can be operated even in case of collision, while for UE not supporting this capability, Rel-17 priority rules for concurrent MGs can be reused in case of collision, i.e. NCSG with configured lower priority level is dropped.
Regarding issue 4-2-4 on potential changes to UE behaviour upon gap collision, following up from the previous issue, UE needs to adopt Rel-17 priority rules for concurrent measurements and drop the gap pattern / NCSG pattern with configured lower priority level, if it does not support parallel NCSG measurements, i.e. NCSG patterns with overlapping in an FR. On the other hand, if UE supports such capability, then UE behaviour needs to be changed in that UE identifies overlapping in time of two configured NCSG patterns. For instance, consider two NCSG patterns (NCSG1 and NCSG2) being configured with partial overlap, that is NCSG1 is ahead of NCSG2. Then, UE cannot start VIL1 of NCSG2, performing retuning, when measuring with NCSG1 during ML. Likewise, UE cannot start VIL2 of NCSG1, when measuring with NCSG2 during ML. Thus, UE may, upon detection of NCSG collision, need to align VIL1 and VIL2 of both NCSGs so that they are outside both ML intervals. The network is aware of the NCSG collision and will not schedule the UE in the time-aligned VIL1 periods and VIL2 periods, respectively.
If UE supports parallel NCSG measurements, in case of collision of NCSG measurement occasions, UE performs time alignment of VIL1 periods and VIL2 periods, respectively.
Regarding issue 4-2-5, whether to support parallel measurements in the following scenarios for two NCSGS
· Scenario 1: NW only configures deactivated SCells’ measurement
· Scenario 2: NW only configures the MOs in intra-bands in which UE reports to support ‘NCSG’
· Scenario 3: NW configures MOs in intra-band associated with NCSG1 and MOs in inter-band associated with NCSG2 if UE reports ‘NCSG’ for these bands
In our view, scenarios 1 and 3 are meaningful and should be considered as use case scenarios for NCSG+NCSG support.
Consider scenario 1 (NW only configures deactivated SCells’ measurement) and scenario 3 (NW configures MOs in intra-band associated with NCSG1 and MOs in inter-band associated with NCSG2 if UE reports ‘NCSG’ for these bands) as valid use case scenarios for NCSG+NCSG.
Other Rel-17 rules to be revisited
Following issue was left open related to Rel-17 rules.
	Sub-topic 4-3: Other Rel-17 rules to be revisited
Issue 4-3-1: [Case 2] Potential changes for NCSG upon SCell activation
< Wayforward >: 
· FFS the options
· Background: When NW configures a NCSG and a Type-2 MG, the scenario for this deactivated SCell issue is as follow.
· The deactivated SCell is measured within NCSG.
· After MAC-based SCell activation, the deactivated SCell’s MO needs to be measured within MG if the related SSB is outside the active BWP
· Proposal:
· Option 1: 
· Do not pursue optimizations for deactivated SCell measurements with NCSG in Case 2
· Option 2: 
· A new indication shall be introduced enable support of NCSG for deactivated SCell only.
· Option 2a: 
· Indicated explicitly by “ncsgInd-r17”.
· Option 3: 
· Request UE to be responsible for the capability report considering all possible MAC CE triggered NW configuration update.
· Option 4: 
· When the SCell is activated, the MG association is based on NW configuration
· When the MO is associated to a type-2 MG and the SCell is deactivated, the MO is implicitly associated to NCSG with which the SMTC is partially or fully overlapped.
· Option 5: 
· If the NCSG is converted into another Type-2 MG upon SCell activation, collision handling between this Type-2 MG for deactivated SCells and the other Type-2 MG needs to be defined. Hence the priority level assigned to NCSG may be maintained or subject to change.



Regarding issue 4-3-1, a baseline solution according to option 1 should be investigated first. This has the benefit to enable full network control. Then, any optimization should be compared against baseline in terms of latency, complexity and impact to network control. Thus, further investigation should be done when considering transitions between NCSG and Type-2 MG or vice versa for the scenario of SCell activation/deactivation, respectively. We propose to agree the above given metrics.

Regarding SCell activation/deactivation, RAN4 to investigate first a baseline solution without optimization and then compare the benefits of any optimization (e.g. transition between NCSG and Type-2 MG and vice versa) in terms of latency, complexity and impact to network control for selecting an optimization.
Requirements
Following issue was left open related to requirements.
	Sub-topic 4-4: Requirements
Issue 4-4-1: [Case 2] Gap interruption
< Wayforward >: 
· FFS: The interruption requirements for the multiple measurement gaps when NCSG being included in the concurrent measurement gaps can be defined as:

wherein,  represented the allowed interruption due to NCSG and legacy measurements defined in clause 9.1.2 and 9.1.9.1 of TS38.133[4] respectively. And  is the overlapped time duration in slot among NCSG RTT time and legacy measurement gap length.



Regarding issue 4-4-1, it is about gap interruption requirements for Case2. As listed in section 2.1, the other option (option 2) was agreed at RAN4 #106, which defines whether a slot of the victim cell is interrupted or not: 
	Issue 4-4-1: [Case 2] Gap interruption
< Agreement >: 
· Update the existing gap interruption requirements for Case 2 as follows.
· A slot is considered as interrupted if it is interrupted by an occasion of any of the configured concurrent measurement gaps following the measurement gap interruption requirements in clause 9.1.2, or by VIL occasion of any of the configured NCSG following the NCSG interruption requirements in clause 9.1.9.1, except for a dropped measurement gap or NCSG occasion.



This considers both cases, i.e. non-overlapping and overlapping of NCSG and MG. Thus, we do not see a need to define a further requirement. 
No further gap interruption requirement for Case 2 is needed beyond that one agreed at RAN4 #106.
Conclusion
This paper has presented Nokia’s views on Case 2 requirements as discussed at RAN4 #106 [2], i.e. the combination of NCSG and concurrent MG. As part of this discussion, we make following proposals: 
1. UE to indicate to network if it has more than 1 spare RF chain related to Case 2 requirements, i.e. if the combination of NCSG and Rel-17 concurrent gap is configured. The signalling details are FFS.
Parallel measurement support for NCSG+NCSG in an FR is indicated by UE, thereby signalling its capability on number of RF chains or spare RF chains per band to the network.

Table 9.1.8-1: The number of Gap Combination Configurations by UE supporting both concurrent measurement gap patterns and independent measurement gap patterns 
	Gap Combination
Configuration Id 
	The number of simultaneous configured measurement gap patterns

	
	Per-FR1 measurement gap
	Per-FR2 measurement gap
	Per-UE measurement gap

	0
	2
	1
	0

	1
	1
	2
	0

	2
	0
	0
	2

	3Note 1
	1
	0
	1

	4Note 1
	0
	1
	1

	5Note 1
	1
	1
	1

	6
	2
	0
	0

	7
	0
	2
	0

	Note 1:	Gap Combination Configuration Id #3, #4, #5 will be only applied when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4]. 
Note X: 	If the gap combination of NCSG and concurrent MG as defined in Rel-17 is configured, each configured gap may be a NCSG or a concurrent MG as defined in Rel-17.



Editor’s Note: FFS if per-FR measurement gap can be used for to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4].
Modify Table 9.1.8.1 to accommodate gap combination configurations for Case 2 and add Editor’s note, as depicted above.
Parallel NCSG measurement support is up to UE capability. For UE supporting this capability, both NCSGs can be operated even in case of collision, while for UE not supporting this capability, Rel-17 priority rules for concurrent MGs can be reused in case of collision, i.e. NCSG with configured lower priority level is dropped.
If UE supports parallel NCSG measurements, in case of collision of NCSG measurement occasions, UE performs time alignment of VIL1 periods and VIL2 periods, respectively.
Consider scenario 1 (NW only configures deactivated SCells’ measurement) and scenario 3 (NW configures MOs in intra-band associated with NCSG1 and MOs in inter-band associated with NCSG2 if UE reports ‘NCSG’ for these bands) as valid use case scenarios for NCSG+NCSG.
Regarding SCell activation/deactivation, RAN4 to investigate first a baseline solution without optimization and then compare the benefits of any optimization (e.g. transition between NCSG and Type-2 MG and vice versa) in terms of latency, complexity and impact to network control for selecting an optimization.
No further gap interruption requirement for Case 2 is needed beyond that one agreed at RAN4 #106.
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